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Ⅰ. General Methods and Materials
All reactions involving air-and moisture-sensitive reagents were carried out under an argon atmosphere. 1 H and 13 C NMR spectra were recorded on a Bruker advance III 400 spectrometer (400 MHz for 1 H and 100 MHz for 13 C) in CDCl3 with TMS as internal standard. Chemical shifts (δ) were measured in ppm relative to TMS δ = 0 for 1 H, or to chloroform δ = 77.0 for 13 C as internal standard (DMSO-d6 δ = 2.5 for 1 H NMR, or δ = 40.0 for 13 C NMR).
31
P and 19 F NMR spectra were recorded on the same instrument. Data are reported as follows: Chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), Coupling constants, J, are reported in hertz. Mass data were measured with Thermo Scientific DSQ II mass spectrometer. The starting materials were purchased from Aldrich, Acros Organics, J&K Chemicals or TCI and used without further purification. Solvents were dried and purified according to the procedure from "Purification of Laboratory Chemicals book". Thin-layer chromatography (TLC) was performed using 60 mesh silica gel plates visualized with short-wavelength UV light (254 nm).
Substrates were prepared according to published literature methods.
[S1], [S2] 2. Optimization of Reaction Condition Table S1 . Optimization of the Radical(Hydrazine) Source [a] [a] The reaction was performed with 1a (1.3 equiv.) , Hydrazine Source 2 (0.2 mmol), TBPB (2.0 equiv.), Na2CO3 (1.2 equiv.), Ru(bpy)3Cl2 • 6H2O (2 mol%) in MeCN (2.0 mL) was irradiated by 5 W blue LEDs under Ar at rt for 20 h. [b] The yields were determined based on crude 1 H NMR spectroscopy using 1,3,5-trimethoxybenzene as the internal standard. Isolated yields.
[c]
Isolated yields. Under air. [e] No irradiation. 
The General Procedures
To a Schlenk tube were added vinyl azides 1 (0.26 mmol, 1.3 equiv.), sulfonyl hydrazine (0.2 mmol, 1.0 equiv.), Ru(bpy)3Cl2 • 6H2O (2 mol%), Na2CO3 (0.24 mmol, 1.2 equiv) and charged with argon for three times. TBPB (2.0 equiv.) and MeCN (2.0 mL) was added and the mixture was then irradiated by blue LED strips at room temperature for 20 h. After substrate was consumed (monitored by TLC), the reaction was concentrated in vacuo, and the resulting residue was purified by column chromatography using a mixture of petroleum ether / acetone as eluent to give the desired sulfonylated phenanthridine derivatives 3. In a Schlenk tube, 2-(1-azidovinyl)-4'-methyl-1,1'-biphenyl 1a (0.26 mmol, 1.3 equiv), p-toluene sulfonyl hydrazine 2a (0.2 mmol, 1.0 equiv.), Ru(bpy)3Cl2 • 6H2O (2 mol%), Na2CO3 (0.24 mmol, 1.2 equiv) and TEMPO (1.3 equiv) were added and charged with Ar three times. Then, TBPB (2.0 equiv.) and MeCN (2.0 mL) were added and the mixture was then irradiated by blue LED strips at room temperature for 20 h (monitored by TLC). However, no desired product 3aa is generated. In a Schlenk tube, 2-(1-azidovinyl)-4'-methyl-1,1'-biphenyl 1a (0.26 mmol, 1.3 equiv), p-toluene sulfonyl hydrazine 2a (0.2 mmol, 1.0 equiv.), Ru(bpy)3Cl2 • 6H2O (2 mol%), Na2CO3 (0.24 mmol, 1.2 equiv) and 1,1-Diphenylethylene (1.3 equiv) were added and charged with Ar three times. Then, MeCN (2.0 mL) and TBPB (2.0 equiv.) were added and the mixture was then irradiated by blue LED strips at room temperature for 20 h, After substrate was consumed (monitored by TLC), the reaction was concentrated in vacuo, and the resulting residue was purified by column chromatography to give 3aa and 4aa in 40% and 5% yield, respectively. The result show that the reaction system produces the p-toluene sulfonyl radical. 65, 144.59, 143.45, 138.83, 135.67, 133.18, 130.76, 129.43, 129.38, 128.63, 127.10, 126.92, 125.29, 122.05, 121.70, 121.66, 62.69 76, 144.61, 143.25, 135.54, 133.78, 133.16, 133.10, 130.85, 129.86, 129.39, 128.64, 127.59, 127.58, 126.98, 125.56, 123.95, 122.23, 121.93, 62.63, 21.50 20, 151.10, 144.96, 144.82, 136.74, 133.17, 131.58, 130.00, 128.65, 128.06, 126.87, 124.80, 124.43, 122.41, 118.75, 117.95, 109.92, 61.76, 55.89, 21.47 22, 144.86, 143.89, 135.49, 134.33, 132.75, 131.33, 129.51, 129.04, 128.63, 128.15, 127.96, 127.23, 125.54, 123.37, 122.47, 122.20, 62.66, 21.58 
Preliminary mechanistic studies.
Radicals Trapping Experiments using TEMPO
Radicals Trapping Experiments using 1,1-Diphenylethylene
References
13
C NMR (101 MHz, CDCl3) δ 147. 05, 144.32, 140.18, 137.53, 137.03, 135.40, 133.17, 131.02, 130.37, 129.16, 128.83, 127.32, 126.80, 125.41, 123.68, 122.46, 119.28, 62.52, 21.99, 21.47, 17.30 12, 144.50, 139.87, 135.19, 133.35, 132.99, 131.35, 130.67, 129.31, 128.81, 128.34, 127.45, 127.33, 126.69, 126.40, 126.03, 124.63, 122.63, 120.93, 119.55, 62.35, 21.37 
. MS (ESI): found [M+H]
+ 398.1. Hz, 3H), 1.91 (d, J = 6.9 Hz, 3H).
6-(1-tosylethyl)phenanthridine (3ak) (80%)
13
C NMR (101 MHz, CDCl3) δ 153. 36, 144.46, 142.95, 133.13, 133.01, 130.50, 130.10, 130.01, 128.92, 128.51, 127.46, 126.07, 125.75, 123.82, 122.35, 121.89 138.89, 138.49, 133.59, 133.19, 130.80, 129.43, 129.37, 128.79, 128.63, 127.14, 126.84, 125.24, 122.08, 121.69, 121.65, 62.58, 21.41 
. MS (ESI): found [M+H]
+ 348.0. 79, 150.82, 143.47, 139.13, 132.95, 131.48, 131.06, 130.88, 129.81, 129.22, 128.06, 127.51, 125.38, 122.88, 122.69, 121.62, 114.74, 61.99, 56.21, 21.45 . MS (ESI): found [M+H] + 378.1. 1H), 1H), 7.59 (s, 1H), 7.46 (dd, J = 8.4, 1.4 Hz, 1H), 7.25 (t, J = 6.3 Hz, 1H) 143.52, 143.17, 140.45, 138.72, 133.02, 132.71, 131.93, 130.67, 129.73, 129.48, 129.29, 129.02, 128.15, 127.07, 126.90, 125.47, 122.01, 121.66, 121.53, 62.61, 22.81, 21.39, 20.90 21, 143.49, 143.26, 139.28, 133.53, 133.02, 131.69, 129.99, 129.60, 129.00, 127.89, 127.69, 125.30, 122.93, 122.82, 121.60, 118.03, 116.54, 60.75, 21.44 .
6-(((4-methoxyphenyl
6-((mesitylsulfonyl)methyl)-3-methylphenanthridine (3ap) (75%)
MS (ESI): found [M+H]
+ 373.1. 144.91, 143.27, 139.34, 133.08, 131.77, 130.64, 130.04, 129.02, 127.93, 127.76, 125.34, 124.65, 122.99, 122.89, 121.64, 60.78, 21.45 82, 164.31, 150.55, 143.40, 139.22, 135.79, 132.99, 132.00, 131.90, 131.57, 129.90, 129.11, 127.98, 127.57, 125.34, 122.91, 122.75, 121.61, 116.80, 116.57, 61.41, 21.46 57, 146.57, 143.40, 139.29, 138.88, 136.79, 133.18, 130.81, 129.43, 129.33, 129.18, 128.94, 128.47, 127.40, 127.30, 127.15, 126.84, 125.22, 122.08, 121.70, 121.61, 62.72, 21.36 . 53, 143.38, 138.82, 135.44, 135.32, 133.25, 132.03, 130.81, 130.69, 129.39, 129.36, 129.07, 128.98, 127.78, 127.29, 127.14, 126.84, 125.33, 123.33, 122.10, 121.64, 62.65, 21.33 139.19, 136.13, 135.48, 132.97, 131.55, 129.93, 129.27, 128.60, 127.83, 127.57, 125.34, 122.89, 122.74, 121.66, 63.00, 21.47 4.54 (s, 2H), 2.64 (s, 3H).
3-methyl-6-(((4-nitrophenyl
MS (ESI)
:
13
C NMR (101 MHz, CDCl3) δ 150. 49, 143.47, 139.24, 133.47, 131.49, 131.11, 129.69, 129.42, 128.96, 128.90, 128.22, 127.44, 126.80, 125.55, 122.28, 122.02, 58.05, 56.30, 21.55 143.53, 139.05, 133.41, 130.93, 129.49, 127.32, 126.99, 125.54, 122.18, 121.93, 121.89, 61.41, 59.27, 50.28, 48.45, 42.70, 27.12, 25.46, 21.54, 19.87 
